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Biogeography of Astragalus Subgenus Pogonophace 
O Leguminosae[]" 


ZHANG Ming-Li 
[O Institute of Botany[] Chinese Academy of Sciences[] Beijing 1000930 Chinal] 


Abstract[] The distribution of Astragalus subgenus Pogonophace[] along the Asian mountain chains namely 
Hengduan Mountains{] Himalayas[] Jammu and Kashmir{] Pamir-Alai[] Hindukush and Sulaiman] shows the 
floristic relationships of the East Asia[] West Asia and Central Asia. On the basis of the phylogenetic analy- 
sis[] the distribution pattern of Pogonophace was studied by means of COMPONENT analysis of the analyti- 
cal biogeography. The eight distribution areas of Pogonophace were treated as the operational biogeographi- 
cal units. The results indicated that the eight areas could be classified into four types] i. e.O 10 North 
China-Northeast China[] 2[] Hengduan Mountains and Xizang] Tibet[] 30 Western Himalayas[] Western 
Pakistan[] and Middle Asid] Tajikistan] and 4[] Inner Mongolia and Xinjiang belonging to Central Asia. 
Two phytogeographical nodes i. e. Hengduan Mountains and Western Himalayas ad hoc Kashmir were 





suggested. The area progressive direction was inferred to be from eastern to western distribution areas(] and 
Himalayas was a corridor jointing the eastern and western distribution areas. 
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Historical biogeography study the distribution pattern of organism and explain the why of the dis- 
tribution pattern. There are so far many standard methods and procedureg] Nelson & Platnick 19810 
Humphries & Parenti[] 1986[] 1999[] Myers & Giller[] 1988[]. The distribution pattem of the subge- 
nus Astragalus Pogonophace is analyzed with basing on the phylogeny in this paper. 

The phylogeny of subgenus Pogonophace was studied] Zhang{] 20021]. The results showed that 
forty-nine species and varieties were classified into nine section] Zhang[] 2002[]. There are three dis- 
tribution centers of Astragalus in the world[] namely Iran-Turkey center[] Himalayan center and western 
American Plain centef] Sanderson[] 1991[]. The Himalayan center in fact occurs in the alpine zone of 
Hengduan Mountains and along Himalayas especially eastern Himalayas{] Baker{] 1876[] Fu et al. 
1993[] Zhang[] 2000[]. Pogonophace[] with distribution center in Hengduan Mountain¢] Zhang[] 200000 
is a typical group to indicating the Himalayan center of Astragalus. So historical biogeography of 
Pogonophace has the significance to Astragalus. At the same the time most species of Pogonophace oc- 
cur in some Asian mountain chains which include Hengduan Mountains[] Himalayas[] Pamir-Alai[] Hin- 
dukush and Sulaiman. These mountains are jointing the East Asia[] West Asia and Middle Asia flora. 
Therefore the distribution pattern of Pogonophace is the representative of general distribution pattern of 


some plant groups. 


1 Materials and Methods 
Phylogenetic tree The phylogenetic tree resulted from forty-nine species and varieties and thirty-three characters 
O Zhang[] 2002[[] see Fig. 1. The tred] Zhang[] 2002[] showed that nine sections were located under itself clade except 
Sect. Bibracteolati and Sect. Phyllolobium were paraphyletic respectively . 
Area Pogonophace species are distributed mainly in Hengduan Mountains and Himalayas and other mountains 
mentioned abovd] All] 1977| Ful] 1993[] Zhang[] 2000L]. According to the distribution pattern of this subgenus and the 
floristic divisions of Chind] Wu & Wulf] 1996[] and the world] Takhtajan[] 1986] eight areas are treated as operational 


objects of Pogonophace biogeography[] see Fig. 1. It is necessary to note that Hengduan Mountains consist of eastern Hi- 








malayas[] Western Himalayas including North India[] Jammu and Kashmir{] Pamir-Alail] and adjacent region[] Western Pa- 
kistan comprising eastern Afghan and adjacent region. Central Asia here means southern Tadzhikistan . 

Component Analysis In Fig.1[] the areas were labeled on the back of species in order to convert the taxon cla- 
dogram to the area cladogram. Since some species massed in one areal] for example[] many species of Sect. Bibracteolati 
appearing in Hengduan mountains] so resolved cladogram was obtained by deleting some species and using fewer species 
representing the status in the area. Finally[] the resolved cladogram used to do the COMPONENT analysis was as following. 

QO NCQ HD XZ00 HDOO XZO0 WeOO O We WHOOO wed MAOO O xz0 wadi O xz0 WH 
OO WHO WP O wed MADD O0 Wao WP xO IMT. 
According to assumption O[] Assumption 1 and Assumption 4] Nelson & Platnick[] 1981 















































U Zandee & Roos[] 1987 
COMPONENT package version 2.0] Page[] 1993[] was used to treat the distribution data and find the area cladogram. 


2 Results 
The area cladograms from the COMPONENT analysis resulted in three area cladograms with three 


assumptions . 
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Fig. 1 A taxon cladogram of Pogonophace and taxa distribution used to the Component analysis. NCL] North China-Northeast Chinal] 
HD[] Hengduan Mountains[] XZ[] Xizang] Tibet WHO Western Himalayas] WPO Western Pakistan] MAL] Middle Asif] Tajikistan{[] 
IMU] Inner Mongolia{] XJ] Xinjiang. 


Assumption O[] One parsimonious tree was generated under Assumption Q] Fig. 20. 

Assumption 1[] 2079 equally most parsimonious trees were produced under Assumption 1[] the 
consensus analyses were by using Strict option[] Majority-rule option[] Semi-Strict option[] Nelson option 
and Adams option[] respectively. But the resulting trees from Strict option[] Semi-Strict option and Ma- 


jority-rule option were same[] so there were three area cladograms under Assumption IL] Fig. 3a-cll. 
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NChina-NEChina Assumption 2[] 13 equally most parsimonious trees were pro- 
Hengduanm duced under Assumption 2[] the consensus analysis was also by using 
ina Strict option[] Majority-rule option] Semi-Strict option[] Nelson option 
TEET and Adams option respectively. Under Assumption 2[] the resulting 
trees from Majority-rule option and Adams option were same. There 
eet were four area cladograms under Assumption J] Fig. 4a-d[]. 
erat All above results of the area relationships could be summed in 
InMongolia Fig 5. 
Xinjiang 


Fig.2 An area cladogram of 3 Discussions 
Pogonophace under Assumption 0 using Area relationship From the Assumption O[] Assumption 1 and 


component analysis based on the taxon Assumption 2[] Inner Mongolia and Xinjiang are sister areas in all ar- 


i aa a ae Bs cladogram{] Fig. 2 — 4 except Fig. 3al]. It is result shown two 
areas have close area relationship in Pogonophace. In fact in two ar- 
eas only two related species[] A. hoantchy and A . dshimensis respectively are distributed in. These two 
species are the only species of Sect. Robusti. Recent experimental systematic studies suggested that 
this section was isolated from other sections in Pogonophacd] Zhang et al[] 2002[] Kang et al[] 20010. 
The results under the Assumption 0 and Assumption 2 showed that Western Himalayas[] Western Paki- 
stan and Middle Asia had a close area relationshiy{] Fig. 2 and Fig. 4]. Western Himalayas and Western 
Pakistan had a close relationship since there are some taxa are shared between the two areas. The taxa are 
Sect. Coluteocarpus comprising only one species A . coluteocarpus[] Sect. Sesbanella including A . falconeri] 
A. hoffmeristi etc .[] and A.amherstianus of Sect. Falcellalus. Because the area Western Pakistan in pr- 
esent paper including eastern Afghan where being arid traits[] so Western Himalayas have a relationship with 
arid Central Asia and West Asia. And its flora was different from that of East Himalayas and Hengduan 
Mountains being humid traits and belonging to East Asia flord] Wu & Wul] 1996[] Takhtajan[] 1986[]. Mid- 
dle Asia with special to Tajikistan has relation to these two areas since A. mirabilis and A . bakaliensis ada- 
ptive radiation former from Western Pakistan and latter from Western Himalayas. 

Hengduan Mountains and Xizang] Tibet[] have a close relationship as shown in Fig. 2[] because 
of some species especially Sect. Bibracteolati with an adaptive radiation from Hengduan Mountains to 
Xizang] TibetL]. 

In terms of area cladograms especially Assumption Q] Fig.2[] and distributions of species and sec- 
tions in Pogonophace[] the areas could been classified into four regions as follows. 1[] North China- 
Northeast China[] 2[] Hengduan Mountains and Xizang] Tibet] 31] Western Himalayas[] Western Pa- 
kista] and Middle Asia Tajikistan] 4[] Inner Mongolia and Xinjiang belonging to Central Asia 

O Grubov[] 1999[]. 

Area progressive direction The area progressive direction under the Assumption O and As- 

sumption 2 shown in Fig. 2 and Fig. 4[] respectivelyl] was from North China-Northeast China and 


Hengduan Mountains which two areas located at the deep position of the area cladograms. Under three 
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NChina-NEChina NChina-NEChina NChina-NEChina 
Hengduanm WHimalayas Hengduanm 
Xizang WpPakistan Xizang 
WHimalayas MiddleAsia WHimalayas 
WPakistan Hengduanm WpPakistan 
MiddleAsia Xizang MiddleAsia 
InMongolia InMongolia InMongolia 

3a Xinjiang 3b Xinjiang 30 Xinjiang 


Fig. 3 An area cladograms of Pogonophace under Assumption 1 using component analysis based on the taxon cadogram Fig. 1. 2079 
equal parsimonious area cladograms obtained from component analysis. Then the consensus area caldograms were been obtained by using 
different options. Fig 3a resulted from a same area cladogram of three options[] which were Strict[] Majority-rule and semi-strict options. 


Fig 3b resulted from Nelson option. Fig 3c resulted from Adams option. 


NChina-NEChina NChina-NEChina 
Hengduanm Hengduanm 
Xizang Xizang 
WHimalayas WHimalayas 
WPakistan WPakistan 
MiddieAsia MiddieAsia 
InMongolia inMongolia 
k Xinjiang Xinjiang i 
NChina-NeChina NChina-NEChina 
Hengduanm Hengduanm 
Xizang Xizang 
WPakistan WHimalayas 
MiddleAsia WPakistan 
WHimalayas MiddieAsia 
InMongolia InMongolia 
4c Xinjiang Xinjiang ag 


Fig. 4 An area cladograms of Pogonophace under Assumption 2 using component analysis based on the taxon cadogram Fig. 1. 13 equal 
parsimonious area cladograms obtained from component analysis. Then the consensus area cladograms were been obtained by using differ- 
ent options. Fig. 4a resulted from Strict option. Fig. 4b resulted from a same area cladogram of two options[] which were Majority-rule 


and Adams options. Fig. 4c resulted from Nelson option. Fig. 4d resulted from Semi-Strict option. 
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Assumptions area cladograms Fig.2[] Fig.3[] Fig.4c and Fig.4d[] the deep area was North China- 
Northeast China. Under the Assumption 2 Fig.4a[] North China-Northeast China[] Hengduan Moun- 
tains and Xizang] Tibet[] were paratactically placed at deep position of area cladogram. North China- 
Northeast China was all at the deep positions of area cladograms except Fig.4a and Fig.4b. So three 
areas|] North China-Northeast China[] Hengduan Mountains and Xizang] Tibet[] were certainly the an- 
cestral areas especially North China-Northeast China[] and apparently[] area progressive direction was 
orderly from these three areas to other areas in Pogonophace. These results mean that the area progres- 
sive direction was from the east to the west of Pogonophace distribution areas. Himalayas was a corridor 
linking the eastern and western distribution areas[] see Fig.5. 

Two phytogeographical nodes An area could be called the phytogeographical node meant that 
area have the rich taxa and the connections with its adjacent areas. In the present paper two phytogeo- 
graphical nodes for Pogonophace were Hengduan Mountains and Western Himalayas ad hoc Kashmir{] 
see Fig.5. 

















Fig. 5 A summary of the area relationships{] progressive direction and phytogeographical nodes in 


Pogonophace distribution . 


Hengduan Mountains[] was suggested to be the distribution center[] differentiation center and en- 
demic center of Pogonophace] Zhang[] 2000L]. The range of this area consists of western Sichuan[] 
northwestern Yunnan and eastern Xizang] Tibet[] provinces in China. Hengduan Mountains have had 
an ancient geological history and complex temporal physical environments[] particular high mountains 
and deep narrow gorge[] and ecological factors humid and cold] Zhao[] 1985[]. There is a rich flora 
here and has been inferred to be the origin place of North Temperate flora] Lil] 19480 Wul] 19790 
1988[] Wang{] 1989[] Wang 1992[]. For Pogonophace Hengduan Mountains have the conjunction to 


North China in couple of vicariance species A . complanatus and its variety var. entrichus[] the former 
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occur in North China-Northeast China and latter in Hengduan Mountains. Some species distributing in 
Hengduan Mountains especially of Sect. Bibracteolati such as A . tanguticus[] A . milingensis[] A . pro- 
digiosus[] A . pycnorhizus etc .[] could adaptively radiated to Xizang] Tibet] which expressed that the 
area relationship between Hengduan Mountains and westward Xizang] Tibet[]. So Hengduan Mountains 
could been considered the evolutionary node in Pogonophace . 

Another important phytogeographical node in Pogonophace was Western Himalayas ad hoc Kash- 
mir. In this paper Western Himalayas consist of North Indial] Jammu and Kashmir{] Pamir-Alail] and 
adjacent region. Kashmir was the density place of Pogonophace species. In Kashmir there are several 
species belonging to some different sections of Pogonophacel] and these species occurring in Western 
Himalayas and adjancent areas[] Western Pakistan[] Pamir-Alai[] such as Sect. Coluteocarpus compris- 
ing only one species A. coluteocarpus appearing in Western Himalayas and Western Pakistan i. e. 
Kashmir{] Pamir-Alai[] North India[] West Pakistan and Northeast Afghan[] Sect. Sesbanella including 
A. falconeri in Kashmir[] western Xizang] Tibet[[] western Pakistan[] A . hoffmeristi in Kashmir[] west- 
ern Xizang] Tibet[[] and northern India. A. amherstianus of Sect. Falcellalus appearing in Kashmir{] 
North Indial] West Pakistan and Northeast Afghan. A. heydei and A. hendersonii belonging to Sect. 
Trichostylus are distributing in Kashmir and western Xizang] Tibet[] along Himalayas. In conclusion[] 
four sections of Pogonophace are distributed in Western Himalayas ad hoc Kashmir{] so this area could 
be proposed as a phytogeographical node to this subgenus. 

Phytogeographical significance of Pogonophace With a typical distribution pattern[] Pogonophace 
is at the junctions among the floras of the East Asia[] West Asia and Central Asia. The mountain chains 
namely Hengduan Mountains[] Himalayas[] Jammu and Kashmir{] Pamir-Alai{] Hindukushl] and Sulaiman[] 
formed the main framework of the distribution pattern. The area relationships in this subgenus could be pro- 
posed using the area classification and the two phytogeographical nodes as mentioned above. There are some 
similar relations but also dissimilarity among/between floras of the East Asia[] West Asia and Central Asia. 
The particular endemism in this subgenus could be considered as an important factot] Zhangl] 20000. 

There were many groups illustrating that Himalayas was the corridor connecting the floras of the East 
Asial] West Asia and Central Asid] Kitamura[] 1963[] Tabata[] 19880 Wang 1992[]. Maybe some groups 
were continuous along Himalayas or some were disjunct between Western and Eastern Himalayas caused by 
the Great Himalayas uplifting] Tabata[] 1988[]. Pogonophace[] an arid and cold adaptive group[] were con- 
tinuous mainly on’ Tibetan side”[] Tabata[] 1988[] and Xizang] Tibet[] Plateau with some continuous vicari- 
ance event[] for example[] the related species A . tanguticus and A. tribulifolius[] former appearing in Hengd- 
uan Mountains and latter in western Xizang] Tibet[] Plateau and Western Himalayas. A . heydei[] A . hend- 
ersoniiL] A .coluteocarpus distributed Western Himalayas and western Xizang] Tibet] along Himalayas. 

The progressive direction or adaptive radiation of species was inferred from eastern to western ar- 
eas mainly along Himalayas. The results were consistent with the adaptive radiation of many distribu- 
tion patterns of East Asia flora along Himalayas[] Wang[] 1992[[] such as Caragana[] Kamarov[] 
1945[] Zhang[] 1997[[] but there were also some groups especially Mediterranean floristic elements[] 


have had different migration direction from western Himalayas to eastern Himalayas. 
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